A putative bgl operon of Pectobacterium carotovorum subsp. carotovorum LY34 (Pcc LY34) was isolated. Sequence analysis of the 5,557 bp cloned DNA fragment (accession no. AY542524) showed three open reading frames (bglT, bglP, and bglB) predicted to encode 287, 633, and 468 amino acid proteins respectively. BglT and BglP ORFs show high similarity to that of the Pectobacterium chrysanthemi ArbG antiterminator and ArbF permease respectively. Also, the latter contains most residues important for phosphotransferase activity. The amino acid sequence of BglB showed high similarity to various -glucosidases and is a member of glycosyl hydrolase family 1. The purified BglB enzyme hydrolyzed salicin, arbutin, pNPG, and MUG. The molecular weight of the enzyme was estimated to be 53,000 Da by SDS-PAGE. The purified -glucosidase exhibited maximal activity at pH 7.0 and 40 C, and its activity was enhanced in the presence of Mg 2þ . Two glutamate residues (Glu 173 and Glu 362 ) were found to be essential for enzyme activity.
Pectobacterium carotovorum subsp. carotovorum (Pcc), classified previously as Erwinia carotovora subsp. carotovora (Ecc), is a pathogenic enterobacterium that causes soft-rot disease in plants. This bacterium degrades macromolecules that compose the plant cell wall and middle lamellae, resulting in maceration of the plant tissue. This macerating capacity derives from the secretion of a set of extracellular enzymes that include pectinases, proteases, cellulases, and -glucosidases. These enzymes occur in multiple enzymatic forms. The bacterial synthesis of isozymes might ensure a more efficient degradation of polysaccharides present in the plant cell wall. 1) Enzymatic degradation of cellulose requires the action of a number of different hydrolases. As one of several cellulolytic enzymes acting in a cascade by a combination of endoglucanase and -glucosidase activities, -glucosidases are involved in the degradation of the plant cell wall polysaccharide matrix. The degradation and assimilation of cellulose may also involve the use of 6-phospho--glucosidases. 2) In the first stage, the polysaccharide chain is degraded by the synergistic action of extracellular endoglucanases and exoglucanases. In the final step, -glucosidases convert cellobiose and cellodextrin to glucose. The removal of these intermediates usually prevents cellulases from endproduct inhibition. -glucosidases are widespread in bacteria, where they are involved in the metabolism of various carbohydrate substrates, including aromatic glycosides like arbutin and salicin. 3, 4) -glucosidases in Microbispora bispora, Micromonospora species, Streptomyces species, Thermobifida fusca, 5) and Thermomonospora chromogena 6) show intracellular activity. In particular, Cellulomonas fimi possesses intracellularglucosidases whereas Cellulomonas biazotea produces extracellular and cell-bound -glucosidases. 7) For the utilization of polymeric carbon sources, the oligomers have to be transported into the cell by specific uptake systems. The bacteria largely use the phosphoenolpyruvate:carbohydrate phosphotransferase system (PTS) regulate of carbon utilization. 8, 9) The PTS system catalyzes transport and phosphorylation of its substrates for the substrates, translocation. Also the PTS has regulation functions in other metabolic processes. [10] [11] [12] The PTS consists of cytoplasmic proteins, enzyme I (EI) and histidine containing protein (HPr), and a substratespecific enzyme II (EII). The PTS permeases (EII complex) may consist of one, two, three, or four distinct polypeptide chains and the subunits combined in protein domains. 13, 14) The carbohydrate is transported after y To whom correspondence should be addressed. Tel: +82-55-751-5469; Fax: +82-55-757-0178; E-mail: hdyun@nongae.gsnu.ac.kr obtaining a phosphoryl group from phosphoenolpyruvate by PTS transfer proteins. 10) Cellobiose PTSs have been reported in Streptococcus bovis 15) and Bacillus stearothermophilus. 16) Cryptic PTS genes for cellobiose utilization are present in E. coli.
17)
Pcc strain LY34, used in the present study, was originally isolated from Chinese cabbage tissue with soft-rot symptoms. Three different kinds of cellulases (CelA, CelB, and CelC) of Pcc LY34 were previously isolated to analyze their importance in phytopathogenicity. 18) In this study, we used 4-methylumbelliferyl -D-glucoside (MUG) plates to screen for Pcc LY34 -glucoside sugar utilization genes functionally expressed in E. coli from a genomic library. Subsequent sequencing of the active clone and sequence analysis allowed the identification of a linked group of genes involved in sugar transport and metabolism in Pcc LY34, specifically, a putative bgl operon encoding an antiterminator (bglT), a sugar permease (bglP), and a -glucosidase (bglB). The biochemical properties of the BglB gene protein were also described. To our knowledge, this is the first information on the bgl operon of Pcc LY34.
Materials and Methods
Bacterial strains and growth conditions. Tryptoneyeast extract medium was used for routine cultivation of the Pectobacterium carotovorum subsp. carotovorum LY34 (Pcc LY34) strain. E. coli DH5, BL21(DE3), and recombinant E. coli harboring bgl genes were cultured in LB medium containing ampicillin (50 g/ ml) when appropriate.
Recombinant DNA techniques and DNA sequencing. Standard procedures for restriction endonuclease digestion, agarose gel electrophoresis, purification of DNA from agarose gels, DNA ligation, and other cloningrelated techniques were followed. 19) Restriction enzymes and DNA-modifying enzymes were purchased from Gibco-BRL (Gaithersburg, Maryland, U.S.A) and Boehringer Mannheim (Indianapolis, Indiana, U.S.A). Other chemicals were purchased from Sigma Chemical (St. Louis, Missouri, U.S.A). Nucleotide sequences were determined by the dideoxy-chain termination method using the PRISM Ready Reaction Dye terminator/ primer cycle sequencing kit (Perkin-Elmer., Norwalk, Connecticut, U.S.A). The samples were analyzed with an automated DNA sequencer (Applied Biosystems, Foster City, California, U.S.A). The BLAST program was used to find the protein coding regions. The nucleotide sequence data reported are available in the GenBank database under accession no. AY542524.
Construction of cosmid library and cloning of the bgl operon. A genomic library was constructed in the cosmid vector pCC1FOS as previously described. 20) Total genomic DNA from Pcc LY34 was sheared into approximately 40-kb fragments using a syringe needle, size-fractionated on a 5 to 40% linear sucrose gradient, and then end-repaired to yield blunt, 5 0 -phosphorylated ends. The resulting DNA fragments were ligated with the cloning-ready pCC1FOS vector and then packaged using a lambda DNA packing kit (Epicentre, Wisconsin, U.S.A). The library was screened on M9 media 19) containing 1 mM 4-methylumbelliferyl -D-glucoside (MUG) for -glucosidase activity (a positive colony has a fluorescent halo). One cosmid clone (pAY1) bearing -glucosidase activity was isolated. For subcloning, pAY1 was partially digested with Sau3AI. Two-to six-kb fragments of the cosmid DNA from this partial digestion were ligated into the BamHI site of pBluescript II SK+ vector and transformants in E. coli DH5 were screened as described above. One positive subclone was obtained (pAY100).
Cloning of the bglT, bglP, and bglB genes. To amplify bglT, bglP, and bglB from the Pcc LY34 chromosome, specific oligonucleotide primers were designed based on DNA sequence data. The primers for bglT, bglP, and bglB were 5 0 -CGATTCTTGTAACGGCTGGCA-3
0 (antisense) and 5 0 -CGATTGCCTGGACGCG-TATTTTC-3 0 (sense); and 5 0 -GGTAGTTCTGATTAA-TCGATGGAGG-3 0 (antisense) respectively. The purified PCR products of the 1.3 kb, 2.8 kb, and 1.7 kb fragments respectively were sequenced and cloned into the pGEM-T Easy vector (Promega). The resulting plasmids were designated pAY110, pAY120, and pAY130. For high expression of bglB, the PCR product generated with primers, 5 0 -GGATCCATGAGCCAT-CAGTTTCCGA-3 0 (sense, containing a BamHI site as underlined) and 5 0 -AAGCTTGCTCTTTCGCAGAT-GTCAA-3 0 (antisense, containing a HindIII site as underlined) was cloned into expression vector pET21a(+) (Novagen) using the BamHI and HindIII sites, resulting in the addition of a C-terminal (His) 6 tag. The resulting plasmid was designated pET-21a(+)/BglB. The absence of mutations within the coding region of BglB was verified by DNA sequencing.
Site-directed mutagenesis. Site-directed mutagenesis of the bglB gene to create the E173A and E362A mutations was performed using the following oligonucleotide primers: (E173A), 5 0 -GGCTGACGTTCA-ACGCAATTAACTGCGCATT-3 0 (sense) and 5 0 -AAT-GCGCAGTTAATTGCGTTGAACGTCAGCC-3 0 (antisense); and (E362A), 5 0 -GCTGTTCATTGTGGCAAA-CGGTTTGGGTG-3 0 (sense) and 5 0 -CACCCAAACCG-TTTGCCACAATGAACAGC-3 0 (antisense). The 50 l of reaction mixture contained 1 l of pET-21a(+)/BglB DNA (80 ng/ l), 100 mol of each primer, 1 l of dNTP mixture, 5 l of 10Â reaction buffer containing 20 mM MgSO 4 , and 2.5 U of PfuTurbo DNA polymerase purchased from Stratagene (La Jolla, California, U.S.A).
PCR products were incubated on ice for 5 min, and then 1 l of DpnI restriction enzyme (10 U/ l) was added for 1 h of incubation at 37 C. DpnI treated plasmids were then transformed into E. coli DH5 according to the manufacturer's specifications (Site-directed mutagenesis kit, Stratagene).
Enzyme assay. -glucosidase activity was determined using p-nitrophenyl -D-glucopyranoside (pNPG), 4-hydroxyphenyl -D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl -D-glucopyranoside (salicin), and 4-methylumbelliferyl -D-glucoside (MUG) as substrates. -glucosidase activity was measured using pNPG, as previously described. 21, 22) One unit ofglucosidase was defined as the amount of enzyme required to release 1 mol of p-nitrophenyl per minute under the assay conditions. All assays were carried out in 50 mM sodium phosphate buffer (pH 7.0) at 40 C unless otherwise noted. In order to detect theglucosidase activity for salicin as substrate, an appropriate aliquot of cell suspension of E. coli carrying the bglB clone or vector only was added to 0.8 ml of 30 mM salicin in 50 mM phosphate buffer (pH 7.0). After 30 min of incubation, the enzymatic reaction was stopped by adding 0.5 ml of 1 M Na 2 CO 3 . Production of saligenin from salicin was detected as described previously. 23) Enzyme activity for the arbutin substrate was measured by washing the culture and resuspending it in 0.8 ml of 50 mM phosphate buffer (pH 7.0). The reaction was started by adding 0.1 ml of 10 mM Mg 2þ and 0.1 ml of 30 mM arbutin, and was stopped with 0.5 ml of 1 M Na 2 CO 3 , as described previously. 24) The effects of pH and temperature on -glucosidase activity were examined with the purified recombinant enzyme. The effect of pH on -glucosidase activity was determined in the standard assay, but with pH values ranging from pH 4.0 to 9.0. All of the assays were performed at 40 C. To determine the effect of temperature on enzymatic activity, samples were incubated at temperatures from 20 to 50 C for 30 min. Thermostability data were obtained by preincubating BglB at various temperatures and then measuring residual activity under the standard assay condition. The effects of various metal ions at a concentration of 2 mM onglucosidase activity were also examined. The kinetic constants, K m and V max , corresponding to the -Dglucosidase activity of the purified mature BglB for the p-nitrophenyl -D-glucopyranoside, were examined. 25) Expression and purification of the enzyme. E. coli strain BL21 (DE3) carrying pET-21a(+)/BglB was grown at 37 C to mid-log phase in LB medium containing 50 g/ml ampicillin. Expression was then induced by adding IPTG to a final concentration of 0.5 mM, and growth was continued for 6 h. The cells were harvested by centrifugation (6;000 Â g, 10 min) and washed twice with 10 mM Tris-HCl buffer (pH 7.0). The cells were resuspended in the same buffer and stored at À20 C. The frozen cells were mixed with 50 mM Tris-HCl buffer (pH 7.5) containing 1 mg of bovine DNase I (Sigma) and incubated at 37 C for 30 min. Triton X-100 was added to the suspension to a final concentration of 2.5%. The supernatant was collected and stored at 4 C. Purification of proteins was modified as previously reported.
26) The solubilized recombinant BglB with His-tag (BglB-His) was applied on a HisTrap kit (Amersham). BglB was eluted with 100 mM imidazole with 0.1% Triton X-100. The enzyme samples were analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). The active fractions were combined and purified by ion exchange chromatography on a Q-Sepharose column (Pharmacia). For the final purification step, the dialyzed sample was loaded onto an anion exchange Mono Q HR (Pharmacia) column pre-equilibrated with 20 mM MOPS buffer at pH 6.5. The fractions with -glucosidase activity eluted as a single protein peak and the purity of the enzyme was assessed by SDS-PAGE. The gel was stained with 0.025% Coomassie blue R-250. The molecular weight markers used were -galactosidase (116,000), bovine serum albumin (66,200), ovalbumin (45,000), lactate dehydrogenase (35,000), restriction endonuclease Bsp 981 (25,000), -lactoglobulin (18,400), and lysozyme (14,400). The protein concentration was determined by the method of Bradford.
27)
Identification of gene product by MUG-SDS-PAGE. SDS-PAGE was carried out using a Bio-Rad Mini-PROTEIN 3-Cell electrophoresis unit (Bio-Rad, California, U.S.A). Identification of the bglB gene product was performed in 0.75 mm gel in a vertical slab unit by a modification described previously.
28) The separating gel contained 10% acrylamide and 0.5% bisacrylamide. The sonicated sample was mixed with sample buffer solution in a ratio of 1:1 (v/v) and electrophoresed at 100 V until the tracking dye migrated to the bottom of the gel at room temperature. The gel was then washed twice in 10 mM Tris-HCl buffer (pH 6.8). To detect -glucosidase activity of protein(s) in the gel, the acrylamide gels were incubated in 1 mM MUG and 15 mM Mg 2þ for approximately 15 to 60 min at 40 C with gentle shaking and then briefly rinsed with buffer. Fluorescent bands were visualized immediately on a transilluminator (312 nm).
Results
Cloning and nucleotide sequence of putative bgl operon A cosmid library of Pcc LY34 genomic DNA was screened for clones expressing -glucosidase activity on M9 media containing 1 mM MUG. One cosmid clone expressing -glucosidase activity was isolated and designated pAY1. Sau3AI subclones of pAY1 were then screened using the same assay yielding one positive clone (pAY100) containing a 5.6 kb insert. A 5,557-bp DNA fragment was sequenced and analyzed (accession no AY542524). Sequence analysis showed the presence of three open reading frames, here in after designated bglT, bglP, and bglB, putatively encoding 287-, 633-, and 468-aa proteins respectively, all in the same translational reading frame (Fig. 1) . The bgl genes were cloned separately, as described in ''Materials and Methods''.
Structure of the putative bgl operon of Pcc LY34 and comparison to other known bgl operons
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The first ORF (bglT) spans 852 nucleotides and probably encode a deduced protein of 283 amino acids (Fig. 1) . There is no obvious ribosome-binding site preceding this ORF. The DNA sequence spanning approximately 54 bp upstream of bglT contains a putative ribonucleic antiterminator (RAT) sequence. A comparison of this sequence with known RAT sequences, and its position relative to the putative terminator, suggested a strong relationship of this element to regulatory features characteristic of operons controlled by antiterminators of the BglG/LicT family. 2, 29) Two other regions might, by similarity, represent duplicated PTS regulatory domains (PRD1 and PRD2). 29) The second ORF (bglP) is 1,902 bp long and the deduced protein is thus 633 amino acids long. The start of this ORF is 439 bp downstream from the end of bglT. There is a putative ribosome-binding site, ATTAAG, located 8 bases upstream from the start of this ORF (Fig. 1) . The protein has very high similarity with the ArbF, BglF, and BglP regulatory proteins from P. chrysanthemi, E. coli, and B. subtilis respectively (Tables 1 and 2 ). Saier 30) compared PTS-dependent EII permeases and identified several typical motifs, such as two phosphorylation sites, each containing a cysteine and a histidine residue. The BglP protein has two potential phosphorylation sites identified at residues 26 and 555; both regions contained a cysteine and a histidine residue presumably involved in phosphorylation. The putative phosphorylation site closer to the C terminus (His 555 ) was found to be highly similar to that in ArbF and BglF, including the presence of a positively charged amino acid 6 residues after the histidine residue (Table 2) . Another region might, by similarity, represent a putative RAT sequence located 155 bp downstream of bglT, which is an unknown region in the E. coli bgl operon. The third ORF (bglB) begins 35 bp downstream from bglP and is 1,407 nucleotides long. It was predicted to encode a protein of 468 amino acids. A putative ribosome-binding site, TGGGAG, is positioned 8 bases from the start of the coding region (Fig. 1) . The predicted BlgB protein has homologs to -glucosidases from a variety of organisms. It is classified in family 1 of the glycosides hydrolases. 25, 31) We found a high level of identity (approximately 70%) between P. chrysanthemi ArbB and E. coli BglB proteins (Table 1) .
Purification and characterization of BglB BglB was purified from an E. coli BglB overproducing strain using column filtration techniques, as described in ''Materials and Methods''. Protein fractions from the purification steps were analyzed by SDS-PAGE. Only one protein band was present after the final purification step (Fig. 2B) . The effect of pH on the ..** ***** *.* * *.***.*.*** ****** ******* ********* A, Pectobacterium carotovorum subsp. carotovorum LY34; B, Pectobacterium chrysanthemi; C, Escherichia coli K12; D, Bacillus subtilis 168; PRD1, N-terminal PTS regulation domain of BglT; PRD2, C-terminal PTS regulation domain of BglT; PTS, phosphotransferase system of BglP; EIIB, N-terminal region of BglP; EIIA, C-terminal region of BglP. The underlined amino acids ''histidine'' are conserved residues in BglT. The underlined amino acids ''cysteine'' and ''histidine'' are in RIIB and EIIA of BglP respectively. The glutamate (acid/base) and glutamate (nucleophile) in BglB are shown in bold characters. Those highlighted with an asterisk are conserved among all the proteins among all types of bgl operon listed here. The accession numbers appear in the legend of Table 1. activity of BglB against pNPG was determined at 40 C in various buffers ranging from pH 4.0 to 9.0 (Fig. 3A) . Maximal activity was observed at pH 7.0. The temperature dependence of BglB activity toward pNPG was determined by measuring activity at various temperatures at pH 7.0. Maximal activity was observed at 40 C (Fig. 3B) . Thermostability data were obtained by preincubating BglB at various temperatures and then measuring residual pNPG hydrolyzing activity under the standard assay condition. After 10 min of incubation at 60 C, activity dropped by about 18% (Fig. 3C ). In addition, -glucosidase activity was measured at pH 7 yielded maximum activity on pNPG (Fig. 3D) . Purified BglB also hydrolyzed salicin and also arbutin substrates.
Identification of the bglB product
To facilitate the characterization of -glucosidase, we used a direct activity staining technique (MUG-SDS-PAGE) that allows rapid and specific detection ofglucosidase with the crude cell extract in a polyacrylamide slab gel. This technique takes advantage of the ability of very small quantities of -glucosidase to degrade -sugars. After electrophoresis, the gel was rinsed and incubated with MUG. A fluorescent halo appeared around a band where MUG was degraded. The pattern was reproducible ( Fig. 2A) . The predicted bglB gene product consisted of 468 amino acids with an estimated molecular mass of 53,494 Da. This corresponds well with the size of BglB as determined by SDS-PAGE. A molecular mass of protein band stained with 0.025% Coomassie brilliant blue R-250 was about 53,000 Da (Fig. 2B) .
Identification of essential residues for -glucosidase activity In vitro site-directed mutagenesis is an invaluable technique for studying protein structure-function relationships. It was found that in the Agrobacteriumglucosidase enzyme, Glu 358 residue is directly involved in glycosidic bond cleavage in that it acts as a nucleophile. 32) In this study, we used site-directed mutagenesis to replace two conserved Glu residues in BglB with Ala. Mutant plasmids were sequenced on both strands to confirm that only the intended mutation was introduced. Enzyme activity assays were done for BglB and the mutants carrying E173A and E362A (E, glutamic acid; A, alanine). These mutants showed abolished enzyme activity for the pNPG as beta linkage glucosides (Table 4) . These results indicate that E173A and E362A are important for BglB activity. Both are well conserved in the -glucosidase sequences of family 1 ( Table 2) .
Discussion
Extracellular conversion of cellulose to -oligosaccharides instead of glucose is common in cellulosedegrading bacteria.
6) It may be a mechanism to help prevent consumption of the released sugar by other microorganisms, including those that lack transport systems for -oligosaccharides. Another advantage of intracellular breakdown of -oligosaccharides is the lower energy requirement for the uptake of -oligosaccharides as compared with that for glucose. -oligosaccharide import in the cellulose-degrading bacteria is accomplished with binding-protein-dependent transport systems that belong to the superfamily of ATP-binding cassette transporters. 33) The evidence that transport of -glucosides depends, in Pcc LY34, on the PTS prompted our efforts to clone the respective PTS permease, wich ultimately led to isolation of -glucoside phosphotransferase and the utilization system. The system isolated comprises three genes, bglT, bglP, and bglB, which, considering their genetic organization, may constitute an operon. The respective genes encode (i) a putative transcription regulator BglT consisting of two conserved domains (PRD1 and PRD2); (ii) a PTS permease BglP, which is a -glucosidespecific enzyme II with all three domains synthesized as one IIBCA protein; and (iii) aglucosidase BglB containing two conserved regions of glucosyl hydrolase family 1 (Fig. 1) . The system shares significant homology with -glucoside PTS operons with permeases belonging to the glucose-glucoside family of PTS transporters reported from Gram-positive and Gram-negative bacteria. 34) The molecular weight of -glucosidase (BglB) was estimated to be 53,000 Da by SDS-PAGE. -glucosidase exhibited maximal activity at pH 7.0 and 40 C. The activity of BlgB was enhanced in the presence of Mg 2þ (Table 3 and Fig. 3D ). For detection ofglucosidase activity by the direct activity staining technique (MUG-SDS-PAGE), no fluorescent band was visualized on a transilluminator without the addition of Mg 2þ after electrophoresis (Fig. 2) . Mutation analysis indicated that both Glu 173 and Glu 362 were important for activity (Table 4) . BglB clearly belongs to glycoside hydrolase family 1, which contains an enzyme employing a double displacement mechanism of catalysis. The glutamic residue in the conserved LFIVENGLG region was found to be directly involved in the hydrolysis ofglucosidic bonds in the -glucosidase from Agrobacterium faecalis in that it acted as a nucleophile 27) (Table 2 ). Computer modeling of the three-dimensional structure with the Swiss-Model program predicted that BglB is an (=) 8 barrel 35) with the active center of BglB located in the cavity formed by polypeptide loops. On the basis of sequence homologies with other family members and the computer-predicted 3D structure of BglB, we suggest that two conserved glutamate residues, Glu 173 (acid/base) and Glu 362 (nucleophile), participate in BglB catalysis. 25, 36) BglG, the permease, and its relatives carry two PTS regulation domains (PRD1 and PRD2), each containing two conserved histidines. Recently, Fux et al. 37) demonstrated that the PRD1 and PRD2 domains of the a -glucosidase (4 mU) was exposed for 30 min at room temperature to 2 mM concentrations of metal ions and then measured under standard conditions and expressed relative to the activity measured on 5 mM pNPG (100%) without added ions.
antiterminators of the BglG/LicT family heterodimerize efficiently in vitro and in vivo. The interaction between PRD1 and PRD2 offers an explanation for the requirement of conserved residues in PRD1 for the phosphorylation of PRD2 by BglG. Furthermore, Gorke 38) has suggested that the activity of the antiterminator protein BglG regulating the -glucoside operon in E. coli is controlled by the phosphoenolpyruvate:carbohydrate phosphotransferase system (PTS) in a dual manner. In view of the identification of RAT in the bglT sequence, which appears to be a transcription antiterminator of the BglG/LicT family, it appears that transcription of bgl genes is regulated via a transcription antitermination mechanism. 29, 39) blgP of Pcc LY34 has another putative RAT sequence located 155 bp downstream of bglT, which is the unknown region in the E. coli bgl operon (Fig. 1) . This fact might imply that the BglP of Pcc LY34 functions differently that of E. coli.
In conclusion, both the genetic order and the sequences of the encoded products indicated that the expressed putative Pcc Bgl system is structurally equivalent to the E. coli cryptic bgl operon. The comparison of Pcc with E. coli bgl gene nucleotide sequences failed to provide an explanation why the E. coli system is cryptic while the Pcc is expressed. 2, 40) A possible answer is that the putative Pcc Bgl system contains more efficient internal promoters, which are not controlled by the antitermination mechanism. Knowledge of the structural features of Pcc bgl genes provides a groundwork for investigating these questions. A detailed study of this putative operon might shed more light on both the evolutionary basis of retention of cryptic genes in natural populations and the mechanisms by which they might be alternately silenced and activated.
